This paper presents the technology of production of synthetic fibrous materials from PET-row by vertical blowing method. The formation of fibers from the melt of thermoplastics by vertical blowing method is accompanied by complex and specific phenomena, so creation of new progressive technologies, high-performance machines and units for producing such materials is impossible without process modeling, which can significantly reduce the number of natural tests, cost and development time and choose optimal operating modes. The motion of the molten material in the melting unit of the hydrostatic type is determined from the Poiseuille formula. Also in the article proved that the greatest impact on process productivity is made by the melting unit, exactly by outlet radius and the pressure change of compressed air, acting on the molten material surface. The increase in the height of the molten material column in the main cylindrical chamber of melting unit also leads to increase of process productivity.
INTRODUCTION
Synthetic fibrous materials from PET-raw materials are widely used in various fields of human activity. They are used in engineering, aircraft building, oil and gas, instrument engineering, electrical and radio engineering, electronics, construction, agriculture, medicine, sports, and household products [1, 2] . Synthetic fibrous materials possess high strength, resistance to aggressive influences, good filtering properties, low moisture absorption, they increasingly replace materials from natural fibers in the industry and make this product an attractive choice for the consumer, while creating a rich potential for a new generation of modern technical means and technologies [1] . Fibrous material products on the basis of PET-row are of double interest for national economy. The essence of such double interest consist of the fact that the use of secondary row materials can significantly reduce the prime cost of finished products, and extraction of such row materials from the environment can solve the ecological problem and prevent environmental pollution by household and industrial waste [2] . Technological process (Fig. 1 ) of production of synthetic fibrous materials from PET-row by vertical blowing method consists of the following stages [3, 4] : 1. Row material preparation. As a row material for production fibrous materials you can use, for example, primary or secondary granulated PET-material and also flexes, obtained after crushing of used plastic containers and other packing materials. The preparation of row materials means their thorough sorting -the presence of metal and other refractory items, which may cause equipment malfunction, is excluded -and thorough drying to remove moisture, which can lead to evident decrease in product quality. 2. Row material melting and obtaining a jet of molten material with specified parameters: primary diametrical size and initial flowing velocity. The melting unit can be of any type, for example, hydrostatic or extrusion, which can provide the processing of primary and secondary materials. 3. Fiber formation process realization by influencing the molten material jet with a stream of compressed air. The blowing device for the melt stream is a blowing head, which can be constructed for vertical and horizontal blowing of the melt jet into fiber material. 4. Preforming the given geometrical shape of the product. Regardless of the geometric shape that the finished product will have -flat napkins, sheets or pillows, the canvas is the primary product for their further formation. Such a canvas is a nonwoven fibrous product in which entangled elementary staple fibers are held together by forces of natural bonding.
Fig. 1 Technological scheme for obtaining thermally bonded products from polymeric fibrous materials
The fourth step also involves obtaining thermally bonded canvases by braiding the elementary filaments together, which increases the strength of such thermally bonded article (canvas). The process of thermal bonding has three options: 1. By reducing the distance from the fiberizing device to the receiving conveyor, when the elementary fibers, moving together with the airflow, have not yet passed into the solid phase. 2. Heating of the fibers, for example with an electric fan, to maintain the temperature of the filaments close to the melting point at the beginning of the process of depositing them on a conveyor. 3. Calendering process. In this case, the primary canvas is passed between two cylinders heated to a temperature close to the melting temperature of the polymer. In this case, a thin layer of interconnected filaments can be obtained on the surface of the canvas.
MATERIALS AND METHODS
One of the most important tasks, when designing units for production of fibrous materials by vertical method of blowing molten material jet with the compressed air stream, is the calculation of expected process performance. In one type of these units the supply of molten polymer into the working zone of the pneumatic blow head is produced using electric melting unit, the calculation scheme of which is shown in Fig. 2 [5] .
Fig. 2 The calculation scheme of melting unit for production of fiber materials from thermoplastic melt
Such construction of melting unit provides evenly staged heating and melting of row materials at a temperature of 250…270°C [6] . In contrast to the most common type of extruder units [7] , the main difficulty of theoretical productivity calculation of such type of melting units consists in the fact that the working fluid is a molten thermoplastic, which can have significant unevenness of the viscosity both in height and in the radius of the inner surface. Precisely to reduce such unevenness in the design of the unit its inner surface is divided into two chambers with individual heating elements and an additional heating element is installed in the central part of the main chamber. In the design of the internal surface of the unit, smooth conic and radial transitions from one part of the surface to the other are provided, which also helps to reduce the viscosity gradient. Such a technical solution allows one to make the assumption that the molten thermoplastic is a viscous incompressible fluid. We also note that the flow of molten material, even in the smallest sections of the flow, is laminarwith very small values of the Reynolds criterion-this also simplifies the solution of the problem [8, 9] . Consider the motion of the molten material in each of the four geometric elements of the melting unit mentioned above. The motion of the molten material in the main cylindrical chamber can be determined from the Poiseuille formula:
where: μ1 -the coefficient of dynamic viscosity of the molten thermoplastic in the first element, Pa•s; Q -volumetric flow velocity or unit capacity, m 3 /s; P1 -the air pressure in the main cylindrical chamber, Pa.
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The movement of the molten material on the second, conical portion of the melting unit inner surface is determined by the relation [9] :
where: μ2 -the coefficient of dynamic viscosity of the molten thermoplastic in the second element, Pa•s; P2 = ρgL -the hydrostatic pressure over the second element, Pa (ρ = 1300 kg/m 3 -the density of the PET, g = 9.8 m/s 2 ). The motion of the molten material on the second cylindrical section of the melting unit is also determined from the Poiseuille formula:
where: μ3 -the coefficient of dynamic viscosity of the molten thermoplastic in the second cylindrical element, Pa•s; P3 = ρgl -hydrostatic pressure directly above the second cylindrical element, Pa. The flow of a molten thermoplastic jet into the atmosphere occurs under pressure, which is determined by the expression [8] :
where: μ4 -the dynamic viscosity coefficient of the molten thermoplastic at the jet exit into the atmosphere, Pa•s; P4 = ρgL1 -hydrostatic pressure directly above the outlet, Pa.
Note that the coefficient of dynamic viscosity of the molten thermoplastic in different geometric elements of the internal cavity of the melting unit has a different value. In the middle part of the melting unit, it is possible to maintain the temperature of the molten material in the required range -from 270 to 280°C -with μ2 = μ3 = 190 ... 200 Pa•s. In the upper part of the melting unit, where the constant loading of the feedstock takes place, the temperature on the surface of the molten material is less, so the dynamic viscosity coefficient has a larger value μ1 > μ2. At the exit of the molten material jet into the atmosphere, it is cooled by atmospheric air, and that is intensified by interaction with the blow head, so here the dynamic viscosity coefficient also assumes a larger value μ4 > μ2. Considering the expressions (1), (2), (3) and (4) obtained above as a system of equations, summing up their left and right parts, after the transformations a formula for determining the volumetric productivity of the melting unit is obtained:
Mass production capacity of the unit G (kg/s) is determined by the formula:
The results of the analysis of the obtained formula (6) are shown in the graphs in Fig. 3 and 4 . CONCLUSION Thus, the control over the performance of the melting unit is possible without changing its design parameters, but by changing the air pressure P1 and the height of the column of molten material L in the main cylindrical chamber. The presented method of calculating the melting unit productivity for the production of fibrous materials from a melt of a thermoplastic by the vertical blowing method allows us to obtain calculation formulas for melting units with an arbitrary combination and arrangement of the abovementioned basic geometric elements of its internal cavity. Calculations showed that the greatest impact on the melting unit's output is caused by a change in the radius of the outlet rF and the change in the pressure of the compressed air acting on the surface of the molten material P1. Graphs of the dependence of productivity on these parameters are shown in Fig. 3 . An increase in the height of the molten material column L in the main cylindrical chamber, as shown in Fig. 4 , leads to a linear increase in productivity. The discrepancy between the results of the productivity calculation, according to formula (6) and the experimental data obtained during testing of the melting unit with the above geometric parameters of the flow section with a change in the radius of the outlet rF from 1.5 to 2.5 mm and of the pressure P1 from zero to 20000 Pa, doesn't exceed 8%.
